In this paper, we prove that some coupled fixed point theorems and coupled coincidence point theorems for contractions in fuzzy normed spaces and intuitionistic fuzzy normed spaces can be directly deduced from fixed point theorems for contractions in fuzzy normed spaces. We also prove that these results are equivalent. MSC: Primary 47H10; secondary 54A40; 54E50; 54H25
Introduction
The well-known Banach contraction mapping principle [] is a powerful tool in nonlinear analysis; many mathematicians have much contributed to the improvement and generalization of this principle in many ways. Especially, some recent meaningful results have been obtained in [-] .
In this paper, we first prove a simple fixed point theorem for an increasing mapping defined on fuzzy normed spaces, and by using this result, we can easily prove some coupled fixed point theorems and coupled coincidence point theorems in fuzzy normed spaces and intuitionistic fuzzy normed spaces. Also, we prove that these results are essentially equivalent. Finally, we give an example to show that our contractive conditions is a real improvement over the contractive conditions used in [] and [] . Our results are also an improvement over the results in [] and [] .
For the reader's convenience, we restate some definitions and results that will be used in this paper. 
Definition . ([])
A fuzzy normed space (briefly, FNS) is a triple (X, μ, * ), where X is a vector space, * is a continuous t-norm and μ : X × (, ∞) → [, ] is a fuzzy set such that, for all x, y ∈ X and t, s > ,
By the results in George and Veeramani [], we can know that every fuzzy norm (μ, * ) on X generates a Hausdorff first countable topology τ μ on X which has as a base the family of open sets of the form
where B(x, r, t) = {y ∈ X : μ(x, y, t) >  -r} for all x ∈ X, r ∈ (, ) and t > .
Definition . (cf. [, ])
The -tuple (X, μ, ν, * , ) is said to be an intuitionistic fuzzy normed space (for short, IFNS) if X is a linear space, * is a continuous t-norm, is a continuous t-conorm and μ, ν are fuzzy sets on X × (, ∞) satisfying the following conditions:
) for all c = ; http://www.fixedpointtheoryandapplications.com/content/2013/1/79
Park proved in [] , among other results, that each intuitionistic fuzzy norm (μ, ν) on X generates a Hausdorff first countable topology τ (μ,ν) on X which has as a base the family of open sets of the form {B(x, r, t) : x ∈ X, r ∈ (, ), t > }, where B(x, r, t) = {y ∈ X : μ(x, y, t) >  -r, υ(x, y, t) < r} for all x ∈ X, r ∈ (, ) and t > . According to this topology, Park [] gave the following definitions.
Definition . A sequence {x n } in an intuitionistic fuzzy normed linear space (X, μ, ν, * , ) is said to converge to x ∈ X with respect to the intuitionistic fuzzy norm (μ, ν) if, for any ε > , t > ,  < ε < , there exists an integer n  ∈ N such that
Definition . A sequence {x n } in an intuitionistic fuzzy normed linear space (X, μ, ν, * , ) is said to be a Cauchy sequence with respect to the intuitionistic fuzzy norm (μ, ν) if, for any ε > , t > ,  < ε < , there exists an integer n  ∈ N such that
Definition . Let (X, μ, ν, * , ) be an IFNS. Then (X, μ, ν, * , ) is said to be complete if every Cauchy sequence in (X, μ, ν, * , ) is convergent. Definition . Let X and Y be two intuitionistic fuzzy normed spaces. A mapping f : X → Y is said to be continuous at x  ∈ X if, for any sequence {x n } in X converging to x  , the sequence {f
then f is said to be continuous on X. Lemma . Let X be a nonempty set, and let g : X → X be a mapping. Then there exists a subset E ⊂ X such that g(E) = g(X) and g : E → X is one-to-one.
Definition . ([]) Let (X, ) be a partially ordered set, and let F : X × X → X, g : X → X be two mappings. Then F is said to have the mixed g-monotone property if F is monotone g-non-decreasing in the first argument and is monotone g-non-increasing in the second argument, that is, for any x, y ∈ X,
and
If g : X → X is an identity mapping, we say that F has the mixed monotone property.
Main results
Theorem . Let (X, ) be a partially ordered set, and let (X, μ, * ) be a complete FNS such that the t-norm * is of H-type. Let F : X → X be a mapping such that F is non-decreasing and
for which x u and t > , where  < k < . Suppose either (a) F is continuous, or (b) if {x n } is a non-decreasing sequence and lim n→∞ x n = x, then x n x for all n ∈ N.
If there exists x  ∈ X such that
then F has a fixed point in X.
Proof Let x  ∈ X such that x  F(x  ), and let x n = F(x n- ), n = , , . . . , then we have that
Then, by using (.), we have
Thus, it follows that δ n (kt) ≥ *  δ n- (t), and so
On the other hand, we have
By Definition ., we get that
It follows from (.) and (.) that
By the hypothesis, the t-norm * is of H-type; for all ε ∈ (, ), there exists η >  such that
for all s ∈ ( -η, ] and for all p. Note that
for all t >  and  < k < , we have that there exists n  such that
for all m > n > n  . Thus, {x n } is a Cauchy sequence. Since X is complete, there exists x ∈ X such that
If the assumption (a) holds, then by the continuity of F, we get that
If the assumption (b) holds, then we have that x n x for all n ∈ N. It follows from (.) that 
Thus, μ(x -F(x), kt) = , that is, x = F(x).
Therefore, x is a fixed point of F. The proof is completed.
Theorem . Let (X, ) be a partially ordered set, and let (X, μ, * ) be a complete FNS such that the t-norm * is of H-type and a * b >  for any a, b ∈ (, ]. Let F : X × X → X be a mapping such that F has the mixed monotone property and
for which x u, y v and t > , where  < k < . Suppose either (a) F is continuous, or (b) X has the following property: (i) if {x n } is a non-decreasing sequence and lim n→∞ x n = x, then x n x for all n ∈ N, (ii) if {y n } is a non-increasing sequence and lim n→∞ y n = y, then y n y for all n ∈ N. If there exist x  , y  ∈ X such that
then F has a coupled fixed point x, y ∈ X, that is, x = F(x, y), y = F(y, x).
Proof First, we define a partial order on X ×X as follows: (x, y) (u, v) if and only if x u and y v. Second, we define a fuzzy set on X × X as follows: μ((x, y), t) = μ(x, t) * μ(y, t) for any (x, y) ∈ X × X and any t > . Since (X, μ, * ) is a complete FNS, we can easily prove that (X × X, μ, * ) is a complete FNS. Lastly, we define a mapping F :
Since F has the mixed monotone property, if (x, y) (u, v), we have that
F(x, y) F(u, y) F(u, v), F(v, u) F(y, u) F(y, x), that is, F(x, y) F(u, v)
. Therefore, F : X × X → X × X is a non-decreasing mapping. Since x  , y  ∈ X and
Thus, all the assumptions of Theorem . hold for F and (X × X, μ, * ). By Theorem . we get that F has a fixed point (x, y) ∈ X × X, that is, (x, y) = (F(x, y), F(y, x) ). This implies that x = F(x, y), y = F(y, x), that is, (x, y) is a coupled fixed point of F. The proof is completed.
By using Theorem ., we can prove the following coupled fixed point theorem in intuitionistic fuzzy normed spaces. (X, ) be a partially ordered set, and let (X, μ, ν,  * , ) be a complete IFNS such that the t-norm * is of H-type and a * b >  for any a, b ∈ (, ]. Let F : X × X → X be a mapping such that F has the mixed monotone property and
Theorem . Let
then F has a coupled fixed point x, y ∈ X, that is,
Proof Assume that {x n } is a sequence in (X, μ, ν, * , ). Let t > ,  < ε < . If μ(x m -x n , t) >  -ε, then by Definition .(i) we can deduce that ν(x m -x n , t) < ε. Thus, a sequence {x n } in (X, μ, ν, * , ) is Cauchy if and only if {x n } is Cauchy in (X, μ, * ). By Lemma ., we know that the topology of (X, μ, ν, * , ) is the same as the topology of (X, μ, * ). This implies that (X, μ, ν, * , ) is a complete IFNS if and only if (X, μ, * ) is a complete FNS. Therefore, by using Theorem . to (X, μ, * ) and F, we get that F has a coupled fixed point x, y ∈ X. The proof is completed.
Theorem . Let (X, ) be a partially ordered set, and let (X, μ, ν, * , ) be a complete IFNS such that the t-norm * is of H-type and a * b >  for any a, b ∈ (, ]. Let F : X × X → X, g : X → X be two mappings such that F has the mixed g-monotone property and 
then there exist x, y ∈ X such that 
